Pentalogy of Cantrell (POC) is a rare condition characterized by complete or partial expression of 5 types of congenital birth defects originating in (1) the lower sternum, (2) the anterior diaphragm, (3) the diaphragmatic pericardium, (4) the midline/ventral supraumbilical abdominal wall region, and (5) the heart. POC can be diagnosed antenatally by means of ultrasonography (US), the task being difficult if defects are minor. Advances in the field of US and the introduction of the first morphology trimester as state-of-the-art pregnancy monitoring, facilitate the early diagnosis of this condition. We performed a systematic review on 67 reported cases of POC diagnosed in the first trimester of pregnancy (published from January 1980 to July 2019). The aim of our systematic review was twofold: to assess the main US findings in the first trimester of pregnancy and to increase awareness of early diagnostic possibilities. Our study showed that POC can be diagnosed in the first trimester of pregnancy based on key US findings such as the association between omphalocele and ectopia cordis. When these two anomalies are present, increased nuchal translucency can also be considered a marker of POC in the first trimester.
Introduction
Pentalogy of Cantrell (POC), also called Cantrell syndrome, is a rare, congenital anomaly, originally defined by James R. Cantrell in 1958 [1] . At that time, Cantrell encountered a number of cases in which 5 types of congenital birth defects were expressed completely or partially, originating in (1) the lower sternum, (2) the anterior diaphragm, (3) the diaphragmatic pericardium, (4) the midline/ventral supraumbilical abdominal wall region, and (5) the heart.
The precise etiology of this condition is not known; the syndrome is thought to be due to the faulty development of the mesoderm at an early stage of embryonic life [1] . Although the reported cases are sporadic, gene mutations on X chromosome are suspected to be involved [2] . The prevalence of POC is 1 in 5.5 million live births; approximately 250 cases have been documented since 1958 until 2009, of which 72% in the United States and Europe, and the rest of them in Asia [3, 4] .
POC can be diagnosed antenatally by means of ultrasonography (US), the task being difficult if defects are minor. Advances in the field of US and the introduction of the first morphology trimester as state-of-the-art pregnancy monitoring, facilitate the early diagnosis of this condition. Indeed, in recent years, several cases of POC diagnosed in the first trimester of pregnancy have been published.
The purpose of our systematic review was twofold: to increase awareness of early diagnostic possibilities and to assess the main US findings in the first trimester of pregnancy. Due to the ability of US to diagnose this syndrome before viability, the technique allows the parents to consider the option of terminating the pregnancy.
Material and method

Search strategy
In this systematic review, we followed the guidelines for Preferred Reporting Items for Systematic Reviews and Meta-Analyses [5] . The bibliographic databases PubMed, Embase and Google Scholar were searched using a combination of key words and text related to "Cantrell pentalogy", "Cantrell syndrome", "early pregnancy", "first trimester of pregnancy". The time period surveyed was from January 1980 to July 2019. We also included review articles already published on this subject and their reference lists were further retrieved and analysed. Moreover, we contacted the corresponding authors of several case reports requesting more information. We received one useful response, which was included in our database. Formal approval from the Ethics Committee at our institution was not required since this was a meta-analytical research effort. We used Pierson tools for evaluating the validity of a case report based on five components: documentation, uniqueness, objectivity, interpretation and educational value, resulting in a score with a maximum of 10. A score above 5 was suggested indicate a valid case report.
In order to be included in our review, all the initially eligible studies had to fulfil the following criteria: 1) to feature cases of POC diagnosed in the first trimester of pregnancy (until 15 weeks of amenorrhea) and 2) the POC diagnosis to be confirmed by pathological examination of the fetus or newborn.
Studies were excluded from our review if the POC diagnosis had been established in the second or third trimester of pregnancy. Also excluded were studies in which a component of the condition had been observed early, but the actual prenatal diagnosis was established later than the first trimester.
The main objective of the study has been to appraise which are the relevant imagistic findings of POC in the first trimester of pregnancy. The secondary outcome has been to review the management of such cases.
Two of the review co-authors (MG and RDM) screened the abstracts and inspected the full texts of the selected articles to assess their relevance based on the inclusion criteria. We then resolved uncertainties and differences of opinion through discussion between coauthors MG, RDM and RM.
Statistical analysis
The data were collected and analysed using the SPSS program, version 21.0 and Microsoft Excel 2016 for Windows. Means, standard deviations and percentages were used for descriptive analysis. Comparative analysis was performed using the chi square test. For correlation analyses we used Pearson and Spearman correlations. The significance threshold was set to a p value of 0.05 or less.
Results
PubMed, Google Scolar and Embase searches yielded 10,303 results, of which 9,553 were excluded based on analysis of titles and abstracts. We took into consideration 750 articles, of which we then selected 88 articles for closer inspection. Of these, 53 articles were included in this study (fig 1) . Overall, we systematically reviewed 67 cases: 66 from the literature and one from our institution . The main anomalies that define POC diagnosed in the first trimester of pregnancy are described in Supplementary Table I , on the journal site.
The mean age of the patients at the time of diagnosis was 29.3±5.9 (ranging between 20-43) and the mean age of the pregnancy at the time of diagnosis was 12.2±1.1 weeks of gestation. There were 12 twin pregnancies, of which 6 monozygotic and 6 dizygotic. In one of the dizogotic pregnancies both fetuses had POC. Regarding the gender, the male/female ratio was 1.37/1. The karyotype analysis was performed in 38 of the 67 cases (56.71%), and karyotype anomalies were discovered in 2 cases (trisomy 21). As the other 36 cases were normal, the ratio of karyotype anomalies was 1/18. No significant correlation was found between the age of the pregnant women and the number of karyotype anomalies (r=0.03).
US findings
The main anomalies that define POC diagnosed in the first trimester of pregnancy are as follows:
Ectopia cordis Ectopia cordis was detected by US in all the cases reported (fig 2) . In six cases (8.95%) the hearth protrusion was incomplete [13, 16, 19, 24, 28] .
Abdominal wall defects In 64 cases abdominal wall defects were detected: omphalocele in 59 cases (92.18%) ( fig 3) [6-14,16-27, 29-36,38-41,43-55,57] , gastrosquisis in 4 cases (6.25%) [15, 34, 37, 42] and one case of laparoschizis (1.56%) [25] .
Sternal malformations Sternal malformations were described in one third of the cases (23 patients, 34.32%). The defective formation of the lower half of the sternum (cleft defect) was present in 20 fetuses [6, 11, 16, 18, 19, 26, 28, 31, 34, 35, 40, 48, 50, 57] , while complete sternal aplasia was found in 3 cases [8, 9, 38] .
Diaphragmatic and pericardial defects Diaphragmatic and pericardial defects were noted in utero in 11 fetuses (16.41%) [14, 16, 35, 38, [48] [49] [50] and in 10 cases (14.92%), respectively [14, 16, 32, 35, 48, 50] .
Intracardiac anomalies In 9 cases (13.43%) intracardiac anomalies were detected: 5 cases of ventricular septal defects (VSD) (55.55%) [16, 22, 32, 44, 46] , of which 2 had also atrial septal defect (DSA) (22.22%) [16, 32] , 1 case of dextrocardia (11.11%) [28] , 1 case of Fallot Tetralogy (11.11%) [46] , 1 case of single-cavity heart without a septum (11.11%) [47] and 1 case of common atrioventricular valve with single right ventricle, double outlet right ventricle (11.11%) [28] .
Nuchal translucency Nuchal translucency was measured and reported in 44 cases: the results were abnormal (>2.5 mm, including cystic hygroma) in 39 cases (88.63%) [1, [10] [11] [12] [13] 16, 17, 22, 25, 26, [28] [29] [30] [34] [35] [36] 41, [43] [44] [45] [46] [47] 50, 53, 54, 56, 57] .
Umbilical cord defects
The umbilical cord anomalies found in the first trimester of pregnancy are presented in Table I .
Other associated anomalies Other associated anomalies diagnosed by US in the first trimester of pregnancy are presented in Table II .
Management of POC diagnosed in the first trimester of pregnancy
In 50 cases, after counselling, the parents decided to terminate the pregnancies, while 10 couples decided to continue with the pregnancies despite being informed about the poor prognosis of this condition. Of these, 3 resulted in stillbirths and the other 7 were delivered either prematurely or at term.
Discussion
The prevalence of POC in the first trimester of pregnancy is higher than at the end of pregnancy or after birth because large defects are associated with stillbirths and high mortality rates. Sepulveda et al identified 4 cases of POC among 15,000 fetuses screened in the first trimester of pregnancy. However, this increased prevalence (~1 in 7,500 cases) is not representative for the general population because the reporting centre, being a reference centre, concentrates all cases with fetal malformation from that region [35] . Recently, Syngelaki et al reviewed the structural anomalies in a general population of 100,997 singleton pregnancies following a standardized protocol at 11-13 weeks of gestation and detected 2 cases of POC (~1 in 50,500 cases) [56] . In our review, stillbirths occurred in approximately a third (30%) of those cases in which POC had been identified in the first trimester but the parents decided to continue the pregnancy.
The male-to-female ratio has been estimated at 1.35:1 by Vasquez-Jimenez et al, who analysed 80 patients with POC, and at 2:1 by Toyama et al [58, 59] . Based on the cases we have included in review, all diagnosed in the first trimester of pregnancy, we calculated a male/female ratio of 1.37:1.
In 12 of the 67 analysed cases, the diagnosis was established on twin pregnancies and in four of the twin pregnancies, were obtained with in vitro fertilisation. A systematic review showed that birth defects are more common when assisted reproductive techniques are used. One possible explanation points to the bypassing of the natural selection of the gametes: the early embryonic development takes place in laboratory conditions and continues in the uterus in a hyperstimulated hormonal environment [60] .
When the constellation of POC malformations is diagnosed in the first trimester, fetal chromosomal analysis should be considered (either by invasive or non-invasive techniques) based on reported associations with trisomy 21 and 18 [61, 62] . We found that the karyotype analysis was performed in 56.71% of cases and 2 anomalies were discovered.
In POC, the abdominal wall defects are represented by omphalocele, diastasis recti, epigastric hernia, umbilical hernia or combined defects [39] . These defects can be easily diagnosed by US during the first trimester of pregnancy [63] . Until 12 weeks of amenorrhea the elongation of the midgut with herniation into the base of the umbilical cord is still in progress in the normal fetus [64] . In all reported cases of POC diagnosed in the first trimester of pregnancy, the abdominal wall defects were diagnosed by US and the most frequent was the omphalocele (92.18%). We can, therefore, consider the omphalocele an important US marker for the diagnosis of POC in the first trimester of pregnancy. However, it is important to distinguish POC from other possible abdominal wall defects like gastroschizis, omphalocele or body-stalk anomalies [65] .
Sternal malformations, identified in 34.32% of reported cases, include bifid sternum, absent xiphoid process, short sternum and defective formation of the lower third [66] . A sternal defect can lead to ectopia cordis, which means that the heart is completely or partially outside the thoracic cavity. Benett et al [67] , in 1991, made the first description of fetal ectopia cordis in the first trimester of pregnancy (at 12 weeks of gestation) by means of transbodminal US. Later, in 1997, Liang et al proved that it is possible to diagnose ectopia cordis even earlier, at 10 weeks of gestation [68] . In all the reported cases diagnosed in the first trimester, ectopia cordis was detected via US. We consider that the simultaneous presence of ectopia cordis and omphalocele is highly indicative for POC. Thus, ectopia cordis (partial or complete) should be considered as a marker for the diagnosis of POC in early pregnancy.
Diaphragmatic defects and pericardial defects are difficult to diagnose in the first trimester of pregnancy by means of US. According to our review such defects were detected in 16.41% and 14.92% of cases, respectively.
Intracardiac anomalies are a main feature of POC. In the first trimester of pregnancy, we found that such anomalies have been described in 13.43% of cases. Intracardiac anomalies are, however, difficult to diagnose in the first trimester of pregnancy, even at the pathological examination, because of the small size of the heart. Increased nuchal translucency (NT) in the first trimester of pregnancy is associated with chromosomal anomalies and is also predictive for other non-chromosomal anomalies such as cardiac defects [11] . Increased NT is not an unexpected finding in POC and can be considered an indirect sign of cardiac malformation. It may be the result of venous congestion due to cardiac failure and associated cardiac defects [13] . In some cases of POC diagnosed in the first trimester, it was the increased NT that generated early attention to the fetus [16] . From a total of 67 case reports, 44 provided NT measurements (65.67%), and NT was increased in 88.63% of these cases. Mention must be made that, from the 24 cases lacking NT-related information, in 9 cases the fetus had a cranial malformation (exencephaly, acrania), which may explain the impossibility of measuring this parameter. Also, we found no statistical significance between the age of the patient and increased NT (p>0.05). Our suggestion is to include this US marker among those used for the diagnosis of POS in the first trimester pregnancy.
The crown rump length (CRL) can be smaller than expected in POC during the first trimester of pregnancy, possibly because of the associated anomalies of the spine (scoliosis). If scoliosis is present, the crown rump length should be measured in two segments, which are then added up. Sarkar et al consider that the shortened biometry is the result of true intrinsic growth restriction [12] .
Anomalies of the umbilical cord (UC) have also been reported in POC, especially in cases with ectopia cordis. This association can be explained by the fact that the embryonic period in which POC develops (Carnegie stage 6) coincides with the beginning of the normal development of the UC itself and the spiral course of its vessels [25] . In the first trimester of pregnancy, umbilical cord anomalies were detected in 12 cases (17.91%).
Furthermore, searching for associated anomalies is mandatory in Cantrell syndrome since prognosis depends on the severity of the lesions. [50] . According to our review, the main associated anomalies diagnosed in the first trimester of pregnancy were cranial (12 cases, 17.9%), facial (5 cases, 7.46%) and skeletal (31 cases, 46.26%).
Although two-dimensional (2D) US is the method of choice for detecting abdominal wall defects, threedimensional (3D) US provide a better visualization of complex associated malformations. In POC, 3D US in surface mode clearly show defects such as ectopia cordis and omphalocele, and they are also useful for identifying associated anomalies such as cranioschisis or excencefaly [18] . In turn, 3D US in transparent mode is more suitable than 2D for detecting bone malformations [69] .
The prognosis in POC is reserved and depends on how many of the anomalies of the pentalogy and their associated anomalies are concurrently present. Only few cases of survivors are reported [59, 70, 71] , and they were mainly incomplete forms of POC. Also, all the survivors had to undergo prolonged hospitalization with multiple surgical interventions. Subsequently, there were still significant degrees of long-term disability [16] .
In light of such knowledge and experience, it is generally accepted that, when the diagnosis is established in the first trimester, the termination of the pregnancy is an appropriate decision. Parents should, therefore, receive adequate information and counselling about the poor prognosis of this condition [72] .
When POC occurs in a twin pregnancy, the decision and management are more difficult, especially with monochorionic twins. The presence of POC in one twin can increase the risk for the healthy twin by causing damage or a premature birth (e.g. fetal exsanguination of the healthy twin after the sudden death of the malformed twin) [46] . In such cases, it is important to carefully assess the other twin before making a decision. In dichorionic twin pregnancies, the technique for selective feticide can be the fetal cord injection of potassium chloride. However, in monochorionic twins, this technique cannot be used because the healthy twin can be affected through placental vascular anastomoses [73] . In these cases, selective feticide is performed by methods that produce cord occlusion, and thus avoid the eventual exsanguination of the surviving fetus into the dead fetus [74] . The method of choice is bipolar coagulation, ideally after the 18th week of gestation for better odds of survival of the healthy twin [75] .
Conclusion
POC can be diagnosed in the first trimester of pregnancy based on key US findings such as the association between omphalocele and ectopia cordis. When these two anomalies are present, increased NT can also be considered a useful sonographic marker of POC. The possibility of diagnosing this syndrome before viability allows the parents to consider the option of terminating the pregnancy.
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